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For the understanding of the localized-spin-dependent transport properties of 
Mn-doped SnTe crystals, we have measured the electrical resistivity, Hall coef-
ficient and transverse magnetoresistance over the temperature range 1.5-300 K. 
At a magnetic ordering temperature, it is found that the magnetoresistance is 
negative and anomalous Hall effect becomes appreciable. 
1. Introduction 
It has been known that magnetic impurities CMn atoms) can be d~ssolved in a nar-
row-gap semiconductor SnTe (or the formation of solid solution SnTe-MnTe). The 
previous transport experiments show that the manganese impurities act as the 
ionized-impurity centers responsible for the decrease in the carrier mobilities at least 
above 77 K,1,2) while at low temperatures a small resistivity maximum appears in the 
resistivity vs. temperature curve at some magntic ordering temperature T m, which 
depends on the Mn content.3 ,.!) These results suggest that the carrier scattering in 
this crystal is due to the s-d interaction as in dilute magnetic alloys. 
In this paper the results of further electrical measurements are described on the 
Hall mobility, magnetoresistance and Hall effect at low temperatures. 
2. Experimental results and discussion 
The details of sample preparation are described previously; 4) the carrier density 
of the as-grown crystal is mostly in the range p=4-8x1020 cm-3, that of the annealed 
ones being p=1-2xl020 cm-B• In this work the applied magnetic field was not revers-
ed for both the Hall and magnetoresistance measurements simply because of our 
experimental set-up used, though usually we do this procedure to eliminate a spurious 
voltage in the sample. Hence, in particular the absolute values of the Hall coefficient 
may have slightly larger errors than those reported thus far, but the magnetic field 
dependences retain their significance. The previous Hall data were taken up to 
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77 K,2) and in the present experiments we extended down to liquid helium temperature. 
Figure 1 shows the Hall coefficient taken at H=14.5 kG against the temperature 
for various samples with different Mn 
content. The Hall coefficients are almost 
independent of temperature below 77 K 
in good agreement with other reported 
data. As shown in Fig. 2, the Hall mobil-
ity depends on the Mn content; it becomes 
smaller with increasing the impurity 
content and the carrier concentration. 
A small value for the as-grown sample 
(0.88 at.% Mn) is particularly due to 
crystlline imperfections. 
The temperature dependence of the 
resistivity over the range 1.5-20 K was 
reported in previous papers;3,4) in the 
residual part of the resistivity we found 
a resistance maximum at a magnetic or-
dering temperature arising from the 10-
calized-spin-dependent scattering of the 
conducition carriers. Here we have com-
piled the resistivity P at 4.2 K for various 
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Fig.3 Resistivity at 4.2 K for the anneal-
ed crystals (open circles) and for 
the as-grown ones (solid circles). 
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Fig.1 Temperature dependence of the 
Hall coefficients for various Mn-
doped SnTe crystals. Except the 
"as-grown" crystal, other data are 
taken for the annealed crystals. 
Fig.2 Temperature dependence of the 
Hall mobilities for the samples 
shown in Fig. 1. 
samples obtained so far against the Mn 
content, as shown in Fig. 3. One may 
note that the resistivity increases with 
the Mn content and P for less carrier 
density (annealed crystals) is smaller 
than that for high carrier density (as-
grown crystals); this indicates that the 
native defects (mostly Sn vacancies), to-
gether with the Mn atoms, are responsible 
for the resistivity. 
The transverse magnetoresistance was 
measured for some samples with different 
Mn contents. In Fig. 4 is illustrated the 
results at 4.2 K plotted as a function of 
magnetic field; these samples are all an-
nealed (P=1-2 x 1020 cm- 3). The undoped 
SnTe crystal shows the normal, positive 
magnetoresistance, whereas the Mn-doped 
crystals do show a negative magnetore-
sistane. With increasing the magnetic im-
purity concentration, the negative magne-
toresistance tends to become larger and 
within the experimental errors it appears 
that the oscillatory behavior is seen with 
varying the magnetic field, indicative of 
the Schubnikov-de Haas phenomena. 
Furthermore, it is of interest to see the 
behavior in the vicinity of the magnetic 
ordering temperature T m. Typical resu-
lts are shown in Fig. 5 for two samples 
with the same Mn content (0.44 at. %), 
one for the as-grown and the other for 
the annealed crystal. The temperature 
dependence of the resistivity for both 
samples is illustrated in Fig 5a, showing 
a resistance maximum. As shown in Fig. 
5b, it is to be emphasized that above and 
below the characteristic temperature T m 
the magnetoresistance is positive and it 
is negative near at T m; the behavior of 
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Fig,4 Transverse magnetoresistance at 
4.2 K plotted against the applied 
magnetic field. 
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Fig,5 (a) The temperature dependence 
of the resistivity and (b) of the 
magnetoresistance for the as-
grown and annealed crystals with 
0.44 at, % Mn, The triangles and 
circles show the difference in the 
terminal probes (opposite to each 
other in the same sample) meas-
ured by a conventional four 
terminal method. 
the as-grown crystal (marked by open circles and triangles) is not so clear, presuma-
bly because of high carrier density. Such a negative magnetoresistance is also inves-
tigated by Ghazali et alY for SnTe and is well known for magnetic dilute alloys. 
While the positive magnetoresistance is due to nonmagnetic scattering, the negative 
magnetoresistance in a dilute alloy is primarily the result of the partial alignment of 
the impurity spin, which inhibits the spin-flip scattering of the conduction electrons, 
and P(H, T) -peo, 0)= - M2(H, T), where MeH, T) is the bulk magnetization of the 
impurity at temperature T and under a magnetic field H. The quadratic dependence 
of the negative magnetoresistance on the magnetization is experimentally verified 
for Mn in CU,S) as well as Mn in SnTe.7l 
Finally, we show an anomlous Hall effect in Mn-doped SnTe due to the magnetic 
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scattering. Some data are given in Fig. 
6, w here the Hall resistance (the Hall 
voltage divided by the standard resistance 
voltage) is plotted as a function of the 
applied magnetic field in one direction 
normal to the sample at different tem-
peratures. We note the following fea-
tures: The undoped crystal (p=1.1xl020 
em-a) shows a linear dependence of the 
applied field H at 4.2 K (and also in the 
range 1.5-300 K). However, when the 
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Fig.6 Hall resistance plotted 
the applied field at 
against 
different 
temperatures for various samples. 
magnetic impurity is added, this is not the case at low temperatures although this 
linear relationship holds at high temperatures (see, for example, the Iineality at 77 K). 
For the sample with 0.88 at. % Mn (P=1.6xl020 em-g), a knik is seen at H~5 kG, 
while for high Mn content (2.2 at. %) it occurs at H~lO kG. Though our experi-
mental accuracy is not good enough to discuss in detail, it is likely that the anoma-
lous Hall effect depends on the temperature and becomes remarkable near the 
magnetic ordering temperatures T m; far above and far below T m it decreases, in 
agreement with the behavior of the observed negative magnetoresistance. These 
behaviors are also in qualitative agreement with those found by Ghazali et alY 
In summary, all the transport properties mentioned above support the presence of 
the spin-dependent scattering in the Mn-doped SnTe crystals. For further discussion 
we will have to carry out the similar measurements on a good single crystal without 
grain boundaries and crystal imperfections. 
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